The causal agent of eyespot disease of sugarcane is Helminthosporium sacchari (Van Breda de Haan), which occurs in most of the cane-growing areas of the world. The fungus infects the leaves and stems of sugarcane, after which an eyespot lesion is produced. A reddish streak or "runner" develops upwardly from the point of infection and does not harbor the fungus. Runner formation is the entire result of a toxin produced by the fungus (1) . Furthermore, the toxin is host specific, in that it affects only those clones of sugarcane that are susceptible to the fungus. A direct correlation between the degree of susceptibility to the fungus and reaction to the toxin in several clones of sugarcane was established by Steiner and Byther (1) . Steiner and Strobel (2) isolated the host-specific toxin from H. sacchari, identified it as 2-hydroxycyclopropyl-a-D-galactopyranoside, and designated it helminthosporoside. Further, Strobel and Steiner (3) showed that helminthosporoside was present in the runners on naturally infected sugarcane and in quantities large enough to cause symptoms.
Strobel et al. (4, 5) postulated that the toxin affected cellular membranes accounting for the initial water-soaking symptoms expressed in toxin-treated tissues. One of the first ultrastructural changes observed in treated tissues was alterations in chloroplast membranes. Strobel (5) established that the host specificity of the toxin resides with a toxin-binding protein localized in membranes of those clones that are susceptible to the toxin. The membranes of resistant clones do not bind the toxin, whereas those clones giving an intermediate reaction to the toxin likewise bind only intermediate amounts of the toxin relative to the membranes of the susceptible clones. The binding-protein from the membranes of a susceptible clone was purified and shown to have a molecular weight of 48,000 (5) . It has four subunits and at least two binding sites for the toxin.
Inasmuch as membrane preparations from a group of resistant clones did not possess binding activity for helminthosporoside, it was of interest to examine them for proteins comparable to that of the toxin-binding protein of the susceptible clone, the idea being that herein may reside the basis for toxin resistance and hence resistance to this important disease of sugarcane. Thus, this report shows the comparative binding activities, and the chemical and immunological properties of the toxin-binding protein from a susceptible and a resistant clone of sugarcane.
MATERIALS AND METHODS
Sugarcane. The clones of sugarcane, 51 NG 97 (susceptible) and H50-7209 (resistant), were obtained from Dr. R. Coleman, United States Department of Agriculture, Beltsville, Md. The stalks were planted in large plastic pots and grown at 22 i 50 under greenhouse conditions. Binding Assays. Equilibrium dialysis was performed on a Kontron Diapack equilibrium dialyzer run at 24 rpm at 300 for 8 hr. All determinations were done on 0.5 ml of the protein or membrane preparations in half of a dialysis cell.
The other half cell contained 0.14 ,mol of helminthosporoside of a specific activity of 7.4 nCi/1.mol made up to 0.5 ml with 0.01 M Tris-HCl buffer (pH 7.2). The labeled helminthosporoside was prepared as described (5) . In assays in which the purified binding protein was used, the amount of helminthosporoside bound was calculated by determining the difference in radioactivity between half cells. When membrane preparations were used, the amount of toxin bound was determined as described by Strobel (5) in that the radioactivity was determined in one half cell only.
Preparation of Binding Protein and Membranes. The techniques used to acquire membranes and the binding proteins were identical to those of Strobel (5) . Since no binding assay could be used to follow the protein purification of the protein from the resistant clone, the same techniques with a Bio-Gel P-100 column were applied. Ultimately the contents of those tubes with the same elution volume as the protein from the susceptible clone were pooled and concentrated. Protein was determined by the method of Lowry et al. (6) .
Immunological Studies. An antiserum to the bindingprotein from the susceptible clone was prepared by injecting the thigh muscles of each of two rabbits with 2 3 weeks after the last injection. Serum was obtained by centrifugation of the blood after it congealed at room temperature followed by incubation at 40 for at least 12 hr. To test for antigen-antibody reactions, the double-diffusion method of Ouchterlony (7) .~~~F IG. 3. Immunodiffusion pattern of the purified binding proteins from both the susceptible and the resistant clones. The outside wells contained purified binding protein from the resistant clone (R) and the susceptible clone (S), and the center well contained antiserum (A) prepared to the purified binding protein from the susceptible clone.
Electrophoresis. Disc gel electrophoresis was performed on 7.5% acrylamide gels at pH 8.5 by the procedures of Davis (8) . Sodium dodecyl sulfate gels were run at pH 7.2, and molecular weights of the proteins were estimated by the procedures of Weber and Osborn (9) . All gels were stained for 2 hr with 0.1% coomassie blue and destained in an aqueous solution of 7.5% acetic acid containing 5% methanol.
Aminoacid Analysis. Samples from the Bio-Gel column were prepared for hydrolysis by shaking them with 2-3 equal volumes of chloroform to remove the detergent. The precipitated protein was then dialyzed against methanol-water 4:1 (v/v), followed by dialysis against distilled water. The precipitated protein was washed with several rinses of distilled water after it was pelleted by centrifugation. The protein was subjected to hydrolysis in 1 ml of constant boiling HCl in an evacuated tube for 24 hr at 1200. Aminoacid analysis were performed on a Beckman model 120 E aminoacid analyzer.
Radioactivity Determination. All aqueous samples (0.5-2.0 ml) were mixed with 14 ml of Aquasol (New England Nuclear Corp.) before counting. Radioactivity measurements were made on a Packard Liquid Scintillation Spectrometer model 3360 and counts were corrected to disintegrations per min with the use of a linear quench curve. RESULTS Binding Experiments. The membrane preparation of the resistant clone H50-7209 did not bind helminthosporoside, whereas the membrane preparation from the susceptible clone 51 NG 97 effectively bound the toxin (5) . Treatment of the membrane preparation with 1% Triton X-100 in 50 mM Trist HCl buffer (pH 7.2) for 4 hr at 40 followed by centrifugation at 50,000 X g resulted in solubilized membrane proteins in the supernatant liquid. This preparation from the susceptible clone bound the toxin, but there was no binding activity in the comparable preparation from the resistant clone (Table 1) . A purified membrane protein from the resistant clone with the same elution volume from the Bio-Gel P-100 column as that of the susceptible clone was obtained, but it did not possess binding activity (Table 1) . However, when this protein was aged for 3 weeks at 40 in 1% Triton X-100, or if it were incubated with 0.1% sodium dodecyl sulfate during the dialysis procedure, the protein ultimately bound helminthosporoside (Table 2 ).
An experiment was performed that confirmed that the binding of helminthosporoside occurred in a purified protein preparation from the resistant clone that had been aged for 3 weeks in 1% Triton X-100. The protein from H50-7209 (170 Mg) was incubated with 74 ,ug (5139 dpm) of helminthosporoside in 0.5 ml of 50 mM Tris-HCl buffer (pH 7.2) for 6 hr at 300. The preparation was then passed through a Sephadex G-25 column (1.5 X 31 cm), and 1-ml fractions collected. The radioactivity retained near the void volume of the column was indicative that the protein was binding the toxin (Fig. 1) . In a comparable experiment in which 170 /Ag of freshly prepared protein was used, there was no radioactivity retained at the void volume of the column (Fig. 1) .
Electrophoretic Mobility. About 30 /g of purified binding protein from both the resistant and the susceptible clones of sugarcane were subjected to disc gel electrophoresis for 1.5 hr at 3 mA per tube. The results in Fig. 2 show that the electrophoretic mobilities of the two binding proteins were nearly identical, but the binding protein from the resistant plant had a slightly greater mobility. This result was confirmed by mixing the proteins from the two sources and then subjecting them to electrophoresis.
Immunological Crossreactivity. Gel double-diffusion experiments showed that the binding protein from the susceptible clone was antigenically identical to the protein from the resistant clone (Fig. 3) antigen involved in the reaction with the rabbit antiserum. A normal serum gave no reaction with plant protein.
Molecular Weight Estimates. The elution volume of the protein from the resistant clone from the 1.5 X 98 cm columns of Bio-Gel P-100 used to prepare that protein is identical to that of the binding protein from the susceptible clone (5). According to the standard curve prepared by Strobel (5) , the estimated molecular weight of the protein from the resistant clone is 45,000-46,000. Furthermore, when the protein from the resistant clone was treated for 10 min in 0.2% sodium dodecylsulfate and then subjected to electrophoresis according to the procedures of Weber and Osborn (9), the protein had a molecular weight of 47,000-48,000 when compared to the mobilities of several standard proteins (5) . However, when the protein was treated in 1% sodium dodecylsulfate for 8 hr and then subjected to electrophoresis, there was a major band showing a molecular weight of 12,000, which is com- The values in parentheses are the number of residues to the nearest integer.
-Plant Disease Resistance parable to previous data presented by Strobel (5) on the binding protein from the susceptible clone, 51 NG 97.
Aminoacid Analysis. Aminoacid analysis of the protein from the resistant clone showed that it was virtually identical to the amino acids making up the protein from the susceptible clone (Table 3) . However, a difference in one aminoacid residue was found in lysine, glutamate, serine, and glycine. The protein has the properties of a typical membrane protein in that it contains no cysteine and has an abundance of aliphatic amino acids.
DISCUSSION
The ability of the protein from the resistant clone to bind the toxin either after aging in Triton X-100 or treatment with 0.1% sodium dodecyl sulfate suggests that it too has a binding site or sites for helminthosporoside. The inability of the freshly prepared protein from the resistant clone to bind the toxin may be a hindrance to the binding sites imposed by the structure of the protein. Evidence that the protein from the resistant clone is structurally different from that of the protein from the susceptible clone is found in the aminoacid analysis data (Table 3 ) and the slightly different electrophoretic mobilities of the two proteins (Fig. 2) 
